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RETAINING WALLS FOR EARTH. 

A reinforced concrete retaining- wall can be built at less cost than 
a gravity section of equal stability, under practically all conditions. 
Moreover the amount of saving that may be effected by the adoption 
of a reinforced concrete design increases with the height of the wall ; 
comparative estimates on actual designs would show a saving of 20 to 
25% on walls 30 to 40 feet high. 

The dimensions of a gravity section or "heavy masonry" retaining 
wall are determined, not from a consideration of the strength of the 
material used in resisting tensile or compressive stresses, but by mak- 
ing it of such size that the weight alone enables it to resist the 
overturning moment of the backing.- The usual condition imposed is 
that the resultant of the forces acting on the section shall pass 
through the middle third of the base, thus avoiding any possibility 
of tension on the inner face, but in most cases causing very heavy 
soil pressure under the toe. This pressure, which in the case of a 
gravity section, may exceed the safe bearing power of the soil — 
necessitating the use of piling — can very often be brought within 
the allowable amount by the adoption of a reinforced concrete design. 
When piling must be used in any event, a large saving in the cost 
of the foundation results from the use of a reinforced concrete wall. 

A reinforced concrete retaining wall may be described as a section 
which derives its stability (against overturning) mainly from that part 
of the fill which rests upon the base; its structural integrity depend- 
ing upon its ability to develop tensile as well as compressive and 
^hearing stresses. The dimensions are not determined from a con- 
sideration of the weight of the wall as in gravity sections, but from 
considerations of strength as a structural material. 

\ reinforced concrete retaining wall will then be in almost all cases 
of less cost than a gravity type of wall; the total pressure on the 
foundation will be less, and the maximum soil pressure at the toe may 
be kept within required limits, owing to the possibility of extending 
the base. Differently expressed this means that with a reinforced 
concrete wall a smaller and more uniform soil pressure is produced — 
a most desirable condition. Owing to the small sections used in a 
reinforced concrete design, it is practicable to provide against tem- 
perature and shrinkage cracks by means of longitudinal reinforcement 
without resorting to expansion joints. 
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EARTH PRESSURE AGAINST RETAINING WALLS. 

It is not proposed he~ the various theories of earth 

pressure against retaining ; The active pressure exerted by 

the fill varies with the material, its compactness, the percentage 
of contained moisture, etc. If no pi drainage is made, 

and there is an opportunity for water to collect behind the wall the 
sure may have any value up to hydros:: 

Experience has shown that masonry walls of the gravity type will 
be stable under all conditio: met with when the width oi 

base is made A of the height. Reinforced concrete retaining walls. 
therefore, should be so designed that the stabi. : overturning 

will be at least as great as that of a solid masonry wall the base of 
which is tV of the height. It is there: mended that for 

ordinary fills (horizontal surface), where the r. - not likely to 

become saturated, that the design be based on an active horizontal 
the intensity of which : the vertical 

at that point. A wall designed on this basis will have a 
slightly greater factor of stability- than the gra n referred to. 

For convenient reference Rankine's formulae for earth pre- 
are given, as they are in general use. It is to be noted that tor a 
horizontal surface and ° = 30°, the intensity of the horizontal 
beco: vertical. 




Let Fig. 1 represent a retain- 
ing ^ce of the fill 
making an angle with the hori- 
zontal. The symbols may be 



ar=weight of fill per cubic foot. 

P=the resultant pressure corresp* i depth of fill h. 

." — // ■ ben 7-0. 



» — angle with the horizontal made by the surface of fill. 

<P =angle of repose, or natural slope of the material constituting 
the fill. 

^=intensity of the horizontal pressure at any depth, in pounds 
per sq. foot. 

Then : 

V 2 <w* + V cos 2 6—C0S 2 <P J 

When ft=*, which is the usual value in surcharge design we have : 

P=—cos* ( 2 ) 

If the surface is horizontal, « equals zero, and we have : 

P=^xl=»p= H () 

In all cases 

H=Pco$« ( 4 ) 

It may be noted that the formulae take no account of such cohesion 
as may exist between the particles of the fill and that equation 3 
will give the pressure due to a liquid if is made equal to zero, the 
equation reducing to the form P=}4 u 

Since the intensity of the horizontal pressure is assumed to increase 
uniformly with the depth the resultant, P t will act at a distance Yi h 
from the base of the wall. 

For ordinary fills, where the material is not likely to become sat- 
urated, tj> may be assured to have a value of 30 ; substituting this 
value in equation 3 we have for a horizontal surface 

p^-nr (5) 

. wh 
and />- - (6) 

Equations 5 and 6 should be used for earth fills when the surface 
of the fill is horizontal; these values it will be noted agree with those 
previously recommended. 

Superimposed Loads— A uniformly distributed load, covering the 
entire surface of the till will be assumed to exert a uniform horizontal 
pressure, the intensity of which is }i of the vertical, regardless of the 
depth. 
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The following: table gives the intensity of the horizontal pressure, 
p % at any depth, //. the total pressure H, above the section considered 
and the overturning moment, Af t in inch lbs., at the section A-B . 



Horizontal Surface. 



Surcharge, *=30° 
.v=lU0 






0^ r 


1 




1 


1* 










-0 


) 




, 







TABLE I. 






TAB 




h 


1 =xJv 


Overturning 
Jf=A < 


A 


: 


< 'Vf-rturnine 
Moid 


feet. 


; pound- 


inch pounds. 






inch r 



11 

- 

13 
14 
15 
16 
IT 
18 
19 
20 
21 
22 
23 

25 
26 



367 
400 
433 
467 
500 
533 
567 
600 
633 

700 
733 

900 
933 

1000 



67 
150 

600 
I 1 

1067 
1350 
1667 
2017 
2400 

3267 

5400 
6017 
6667 
7350 
8067 
8817 
9600 

12150 
13067 

150C0 



533 
1900 

8333 

14100 

I86O0 

I 

115200 

1S2933 
225000 



533333 
709867 



18 
19 
20 

- 
- 

n 

■ 

30 



150 


150 


._" 


338 


300 


600 


: - 


- 








:-..- 


8 


2400 




3038 




■' 


*_" 






5400 



... 

1800 
1950 

_ 



7350 

0000 
L0HH 

15000 

19838 
21600 

33750 



150 
1200 
4050 
9600 
18750 
32400 
51450 

109350 
150000 
199650 

411000 

f.14400 
736950 

1028850 
1200000 
1389150 
1597200 
1825050 
2073600 
2343750 
2636400 



■6960 

4050000 



NOTES ON DESIGN. 

In the design of retaining walls it is necessary to investigate the 
stability of the structure, not only against overturning but also 
against sliding upon its base. To prevent sliding the total pressure 
upon the foundation multiplied by the co-efficient of friction of con- 
erf te upon the soil, must be greater than the horizontal thrust of the 
fill. It is good practice to provide a projection or toe extending into 
the foundation to assist in preventing such movement. 

The maximum soil pressure at the toe of the retaining wall should 
be computed in all cases, as it is very often the determining factor in 
the design of the base. 

In the design and construction of retaining walls, provision should 

be mad.- lor adequate drainage. This is an important feature as the 

elopment of an hydraulic head back of the wall, might result in 

Us failure. 

Provision should be made in all retaining wall work, against the 

it nt of shrinkage or temperature cracks. On account of 

the small sections required in a reinforced concrete design, it is prac- 

ticable t<» prevent the development of such cracks by the use of 

longitudinal reinforcement. Some longitudinal reinforcement should 

'ii if expansion joints are provided. 

h 1^ usuallj considered that about ~h% of reinforcement will be 
enl to prevent cracks, using high elastic limit steel. 

Retaining walls of the cantilever type will generally be found 
economical up to heights of 18 feet; for higher walls the buttress 
t \ pe sh< mid be used. 
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The following- diagrams, Figures 2 and 3, show the forces acting 
upon a retaining- wall which we will consider in the design : 

/f;=\veight of section of wall one foot long; the line of action 
passing through the center of gravity of the cross section. 

W e =weight of earth, per lineal foot, resting: on base of wall; the 
line of action passing: through center of gravity of the 
figure Cj D, B, F. 

^ 2 =soil pressure at toe, lbs. per sq. foot. 

^ 3 =soil pressure at the heel, in lbs. per sq. foot. 

.tf=resultant of the earth pressure and ( W e + W c ) . 

Other symbols as previously defined. 




Figure -. 

Diagram showing forces acting upon a retaining wall, surface of 
fill horizontal. 
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Figure 3. 

Diagram showing forces acting upon a retaining wall, surface of 
fill not horizontal. 
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SPECIFICATIONS FOR MATERIALS. 

->nnulae for the Strength of rrinforred mnrm* I 



o pounds per square inch ; the critical amount of reinforce- 
mt. under these conditions being .0085 fcf. 

Kemforcing Meel All remforcing steel used in retaining wall 
astruction shall be rolled to such form that it has a positive 
?chanical bond with the cone cave bond win not be con- 

lered sufficiently reliable lor this class oi structi: 

may be made by either the Bessemer or open-hearth pr 
■e rolled from billet stock. Re-rolled material will be accepted 
der conditions insuring rigid inspection. 

The elastic limit and percentage of elongation shall be determined 
n accurately-machined specimens, and shall conform to the 

c limit to be from 50,000 to 60,000 pounds per square inch, 
unate strength not less than 1 *3 Xelastic limit, 
lie percentage of elongation in 8" must not be less than given 



entageofelongatior " _, 

Ult. ^trengt: 



Bending Test— Bars as rolled shall bend cold. 90 degrees, to a 
radius equal to three times the least diameter of the specimen, without 
sign of fracture. 
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Cement— Only Portland cement conforming: to the requirements 
of the specifications adopted by the American Society for Testing: 
Materials, June 14, 1904, shall be used. 

Sand— Sand to be clean and coarse, and free from organic matter; 
a graded sand, with coarse grains predominating:, is to be preferred. 

Coarse Aggregate — broken stone to be hard, durable limestone, 
or its equivalent, free from dust and foreign materials; maximum-sized 
particles to pass through a one-inch ring; fines to be removed by 
passing over a one-quarter inch screen. The fines may replace part 
of the sand. Under special conditions making for uniformity crusher 
inn may be used, but this is not desirable. 

Gravel shall be clean and of graded sizes; the sand carried to be 
removed by screening as for broken stone. 

Proportions of Mix— Concrete for wall, base, and buttresses to be 
mixed in the proportion of one part cement to six parts aggregate; 
proportions by volume taking one bag containing not less than 94 
pounds of cement, equal to one cubic foo.t of cement. 

The proportions of fine and coarse aggregate used shall be chosen 
so as to give a concrete of maximum density; in no case, however, 
may the amount of fine aggregate be less than 50 per cent of the 
coarse. 



FORMULAE FOR USE IN DESIGNING. 

Let ,1/=moment of resistance of section in inch lbs. 

J/o=ultimate moment of resistance of section 

in inch lbs. 

?=area of reinforcement, 
/"^percentage of stee\=g-t-bd. 
/"=elastic limit of steel=so,ooo lbs. 
All dimensions as shown, in inches, and stresses in lbs. per sq. in. 
1 hen we have for rectangular beams: 

.?/,--=370 bd- for ?== 0085 bd (7) 

and for various percentages; 

.!/„= 86 Fp W=.86X 50,000 Xp bd' 1 (8) 

^43,000 p bd 1 , using high elastic limit corrugated bars. 
(For a nnplete discussion of these formulae, see May and June bulletins) 
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working:stresses. 

It it is desired to design for working- stresses in the steel, use the 
formula: 

Af=sgX.86 d, where $=unit stress in the steel. . (9) 



REMARKS ON THE APPLICATION OF THE 
FORMULAE. 

In retaining- wall design it will often be found that the section 
required to resist the bending- moment, as determined by formula 7. 
is smaller than would be desirable to use in heavy work. In this case 
the value of "rf" may be assumed, and the amount of reinforcement 
required determined by means of equation 

Equation 8 should also be used in the design of buttresses, as 
there is more or less T-beam action. The amount of reinforcement 
used, however, should not exceed 2?ic of the cross section of the 
buttress. 

It is to be noted that equations 7 and 8 gfive the ultimate or 
breaking strength of the structure, and in applying them the actual 
moments must first be multiplied by the factor of safety. 
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CANTILEVER WALLS. 

The two examples following illustrate the methods of design 
advocated : 

Problem 1 — Design a cantilever wall, i6'-o" high, to retain an earth 
fill weighing ioo lbs. per cubic foot ; surface of fill horizontal, the 
value of 9 to be taken as 30 . 

Maximum allowable soil pressure 3,000 lbs. per square foot. 

We will assume the section shown herewith and investigate its 
stability and strength : 




In determine the position of the center of gravity of the concrete 
section and of the earth prism take moments about the point 
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Center of Gravity of Wall— 



Section 

Considered. 


Area in Moment 
Sq. Ft. Arm. 


Area 
Moment. 


A D 1 H. 


12.0 

2-5 
15.2 


4.00 

2-75 

2.5S 


48.O 

6.9 

39.2 


KB CL 


B CFG 




Totals .......... 


29.7 




94.1 





94 I 
Distance from A to r ^-=^^=3. 17 ft. 

29-7 

Weight of wall per lineal foot=29.7X 150=4445 lbs.= W c . 
Static moment about " A " =4445X3.17=14110 ft. lbs. 



Center of Gravity of Earth Prism— 




Section 
Considered. 


Area in 

Sq. Ft. 


Moment 
Arm. 


Area 
Moment. 


CFF' .... 


5.1 3.25 
65.25 5-75 


16.6 


C F' E D 


375.2 




Totals 


70.35 


391.8 









=4.64 ft. 



Distance from " A " to c g= ' =5.56 ft. 

70.35 

Weight of earth prism per lineal foot=70.35X 100=7035= ll' e . 
Static moment about " A "=7035X5.56=39180 ft. lbs. 

To obtain the position of the resultant divide the sum of the static 
moments by the total weight : 

141 ioH-39t8o = 5j29Q ==) 
4445+7035 1 1480 

The horizontal thrust, H, on the wall may be determined by means 
of formula 5. 

^=^ = y^ =426 . lbs . 

(The pressure might have been taken from the table on page 146). 

This thrust is assumed to be concentrated at a point s'-4" above the 
base. Combining: this force with the force H/ +W we obtain the 
final resultant A'. 

R=\ (4-">r~+U490 J ) = i2250 lbs. 
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The tangent of the angle which the resultant makes with the 

vertical is =.$72. and R would cut the base at a distance. 

1 1490 

5-'33X. 372=1.98 ft. from the line lV e +W 9t or 2.66 ft. from the 

edge A-H, • 

Since the resultant R passes through the third point t he soil 
pressure at the heel is zero, and that at the toe is twice the average. 

Average sod pressure= =1430 lbs. per s< 

Maximum soil pressure=^2 = 2X 1436=2872 lbs. per sq. ft. 

Stability Against Sliding I lu- total horizontal thrust=4267 lbs. 
Assuming thai the foundation is g I 1 i.e. the co< 

between the concrete and the soil may be taken as .50. The frictional 
resistance to horizontal displacement would then equal ii4goX.5= 
5745 lbs. It is desirable, however, to have a projection on the I 
as show u in the drawing as the coefficient of friction ma mall 

as ,33 should the footing become wet. 

The earth fill in front of the wall assists to a slight extent in r< 
ing sliding, but its action is not and should not be included 

in the design. 



REINFORCING STEEL. 

Having assured ourselves of the stability of the section, when 
acted upon by the assumed forces, it 
structural integrity and provide reinforcing steel where required. 

The bending moment, per loot of length, in the face wall at the 
plane A-D IS equal to 

too X 14. 5 ,14.5 ioo 

13 X JL3 = X 14.5 =i6oo< 
3 1 B 

=202800 inch 

Neglecting the small fillets the effe< tive depth oi the beam, d, may 
be taken as [6". 

We will ha^e the design on the ultimate strength ol th( action 
using I factor oi safety ol 3, and determine the amount oi reinforce- 
ment required by means of formula 8. 

.1/0=3 X 202800=608400=43000 Phd' 



d=i2 ff and d=i6", substituting these values in the equation 
we have ^=.0046. 

g= 16 X 12 X. 0046=. 88 sq. in. per foot of wall. 

Use H" corrugated rounds, spaced 6" on centers. 

ft will not be necessary to carry this amount of reinforcement to 
the top of the wall, as the bending: moments decrease rapidly toward 
the surface of the fill. The bending- moment at a point io'o" below 
the surface is 66,667 inch pounds. 

.1/0=3X66,667=200,000 in. lbs. (ult.) 

The thickness of the wall at this point is 15.6", ^=13.6". The 
amount of metal required, ^,=.34 sq. in. per foot of wall, which would 
indicate that one-half of the reinforcing bars may be stopped off at 
this point. 

It is necessary in all cantilever designs to investigate the anchorage 
of the vertical bars in the base. If the length of imbedment is not 
sufficient the bars may pull out, due to the shearing of the concrete 
around them. Using round corrugated bars a length of imbedment 
of 25 diameters will insure sufficient shearing strength. The vertical 
bars will accordingly be extended into the projection on the base as 
shown on detailed drawing, page 158. 

Design of Base— That part of the base back of the wall will be 
made sufficiently strong to lift the fill resting upon it in addition to 
its own weight. \\ e will determine the bending moment on a vertical 
plane through the point C. 

Taking moments about C we have : 

Moment due to fill =7035X2.06=14492 ft. lbs. 

Moment due to base=ioi2X2.25 = 2277 

[6769 ft. lbs. 

=201228 in. lbs. 

The effective depth d. is 16". and the amount of reinforcement 
required is .88 sq. in. per lineal foot of wall. 

corrugated rounds, 6'-6" long, spaced 6" on centers in 
■\) of the slab. 

In the design of the toe. since the overhang is small, we will 

assume a uniform upward pressure of 2872 lbs. per sq. foot. The 

ting weighs 225 lbs. per sq. foot, and the effective upward pressure 

225=2647 lbs. 
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Taking: moments about B- 

^=(2X2647) X 1=5294 ft. lbs. =63530 in. lbs. 

M = 3 X 63530=190590 in. lbs., and applying: equation 8. 

1 90590 

9= tt-t— .276 sq. m. 

43000X16 H 

Use s s" corrugated rounds 4'-o" long", spaced 12" on centers. 

It is desirable to fillet the corners, where the face wall joins the 
base, providing sufficient reinforcement in the rear fillet to carry the 
bending; moment. Owing to the depth available for beam action %" 
corrugated rounds, spaced 12'' on centers will be sufficient. 

Longitudinal Reinforcement— As before stated the amount of 
longitudinal reinforcement required in the face wall is dependent upon 
the particular conditions — the position of the wall, its exposure and 
the probable range of temperature. Some longitudinal reinforcement 
is necessary in any event in both wall and base. We will use %" 
corrugated rounds spaced 24" cts. in each side of the wall. If it is 
desired to provide fully for temperature stresses the amount of 
longitudinal reinforcement, above the grade line should be increased 
to about .004 of the cross section. 
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Problem 2— Design a cann 
earth fill, the o=angle 

oi repose oi the ma 

Maximum alio \ aUe 




We will 

point / 



Center of Gravity of Wall- 

Section Area in- 

Considered. Sq. Ft. 



Mom ext 

A R II . 



Area 

Moment. 



CFCB 


18.75 

5-25 

20.00 


6.22 
6.00 
5.00 


117. 

3i-5 
100. 


B C L K. 


A D I H 






Totals 


44.00 


248.5 



Distance from / to c ?= —=5/66. 

44-0 

Weight of wall per lineal {001=44X150=6600 [bs.= W e . 
Static moment about 7=6600X5.66=37356 ft. lbs. 



Center of Gravity of Earth Prism 



Section 
Considered. 


Area in 

Sq Ft. 


Moment 

A R u , 


Area 

Moment. 


FCF' 


6.25 

IO.38 
67-75 


5-33 
2.00 
2.50 


33-3 
20.7 
169.4 


E FE' 


FCLDE 



Totals. 



84-38 



223.4 



22 X X 

Distance from / to c g=- — ^=2/65. 

54.35 

Weight of earth prism per lineal 1001=84.38 X 100=8438 lbs. = W/ e - 
Static moment about 7=8438X2/65=22350 ft. lbs. 
Distance to resultant, W e + U\, 

^ 37356+ 22350^ 59706 9~ 

66OO + 8438 15038 3 ' 9 

The thrust /\ acting parallel to the surface of the fill, may be 
determined by means of formula 2. 

F= 1 



_ 1 00 X 19.46 

2 



X .866=16400 lbs. 
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Soil Pressure 

Stability Againit 

I 

Rein' 






Design of Base — The bending" moment on the base in the plane 
Ch' is obtained by taking moments about the point C. 

Moment due to fill =8438X28 "=2 36000 in. lbs. 
Moment due to base= 1500X30"== 45000 in. lbs. 

281000 in. lbs. 
d=22 t and ^=.90 sq. in. 
Use 1" corrugated squares 12" cts. 

Diagonal reinforcement will be placed in the rear fillet in sufficient 
amount to carry the bending moment at that point ; the area required 
is approximately }i sq. in. per lineal foot of wall — use Ya" corrugated 
squares 12" on cts. 

In the design of the toe we will determine the bending moment 
in the vertical plane through B. 

To determine the average 
pressure on the toe draw the 
diagram showing soil pressures. 
The average pressure on the 
overhang will be '-> (4448 + 31 74 ) 
™* =3811 lbs. per ' 

The resultant of this reaction 
will pass through the center of 
gravity Of the trapezoid abed, 
which i^ i .58 ft. from be. 

/ffo=i.s8X(3 ' 3H1 i)Xi2 -M7< 00 in. lbs. (ult.) 

To resist this there will be required .72 sq. in. oi 

ning J- jj nu In--, and we will use : " corr. squares 12" cts. 

Longitudinal Reinforcement— We will not provide fully for 
temt es, but will arbitrarily use '/' corr. squares spaced 
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BUTTRESS WALLS. 

The following example illustrates the methods of design suggested 
for this type of retaining wall. 

Problem 3 — Design a buttress wall 25 '-o" high to retain an earth 
fill weighing 100 pounds per cubic foot ; surface of fill horizontal; the 
value of 6 to be taken as 30°. Maximum allowable soil pressure 
4000 pounds per square foot. 






^rr 



<;aV7T*£S5£J - /O <? Off O. 

/*s*0 /6'r///cx-\ 







Line the section shown herewith, and investigate its 
ility and strength. 

letermine the position of the center of gravity of the wall, we 
insider a section 10-0" long. 
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Center of Gravity of Wall, moments taken about I — 



Section 
Considered. 


Volume 
Cu. Ft. 


Moment 

Ami. 


Volume 
Moment. 


Coping" 


25.0 

217-5 

7-5 

7-5 

280.0 

15.0 

147.0 


933 

9-SO 
10.25 
10.83 

7.00 

0.75 
6.16 


233.0 


Face Wall 


2065 . 


Fillet 


76.7 

81.3 

1960.0 

11. 2 

905-0 


Base 


Buttress 


Totals 


699-5 




5332.2 








Distance from I to eg 



= 5332.2 = 
699.5 



7 .'63. 



Weight of ten foot length of wall=699.5X 150= 104925 lbs. 

Static moment about /, for section io'-o" long= 
104925X7.63=800000 ft. lbs. 

Center of Gravity of Earth Prism, moments taken about I— 



Section 
Considered. 


V0LUM1£ 

Cu. Ft. 


1ENT 

Arm. 


Volume 
Moment. 


CD £ F 


1760.O 
I55-0 


4.50 
3-00 


7920 . 


FED 


465.O 


Totals 


n,i5.o 


8385.0 




— ■ ■ 



.,,=^=4.37. 



Distance from /to c £— : ^i~~ 4-37- 

Weight of earth per ten feet of wall = i9iSX 100=191500 lbs. 

Static moment about /, for section io'-o" long= 
i9i5ooX4.37= 8 36ooo ft. lbs. 

Distance from A to the resultant, rr c + W*= 

800000+ 836000 ^ 1 636000 , / 

104925 + 191500 296425 

The horizontal thrust, H, on a wall 25'V high is 10417 lbs. per 
lineal font, see Table 1, page 146. The thrust on a ten foot length 
would be 104170 lbs. Combining this thrust with W*+ W. t we obtain 
the final resultant, A\ which has a value of 314000 lbs., and cuts the 
base at a distance of 2/93 from the line IV C + IV., or 8/44 from the 

point /. 
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Soil Pressure — The weight of the wall and earth prism per lineal 

\2_ 



lbs. The average soil pressure equals 



u 



[20 ll>v 



By the methods illustrated in Problem 2, the maximum soil pressure 
is found to be >q. ft.,and tlie minimum Sio lbs. persq. ft. 

The maximum and minimum soil pressure may be readily computed by 

ula: 



r >•';»■ * 



p=\ n 

I //..//,. 

b I* •■ i point where resultant 

Stability Against Sliding — With a coefficient ol friction of .5 the 

"i wall, UMiihl b< 

n -i of w all is 104 1 7 lbs 
: .11 the heel, u hich w ill serve the 
ent anchorage to the butti 

Reinforcement Required oral I. The face wall will be 

will 
abutment 

01 mula 1/ ., / 
















1 









US 



Base — That part of the base back of the face wall will be designed 
as a continuous horizontal beam, and made strong enough to lift the 
earth resting upon it as well as its own weight. It must also be 
designed to resist the upward reaction of the earth when this exceeds 
the weight of the materials above the section considered. 

Longitudinal reinforcement in bottom of slab, in rear of face wall. 
Owing to the continuous action moments will be figured on the basis 

-W\ and top reinforcement will be provided extending to the 
12 

quarter points. The load per sq. foot is 2600 lbs. For a section 12" 

wide, 

1 1 — - 

M=—wf=— X2600X10 X 12=260000 in. lbs. 
12 12 

d=2\" and using a working stress of 16500 lbs. per sq. in. 

^=.88 sq. in. 

Use 7 /i" corrugated rounds 8" on centers, top and bottom. 
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The bending moment in the base 
at the vertical plane through B, is : 

12220X2.08X12=305000 in. lbs. 

If we neglect the fillet and take 
d=2\\ the amount of reinforcement 
required is 1.02 sq. in. per foot. 

Use 1" corrugated rounds spaced 
9" on centers; make 2 /i of the bars 
7W long, and the remainder 13-0 
long. 



Buttresses— The buttresses act as vertical beams attached to the 
base by the inclined reinforcing bars. The total stress in the steel 
necessary to anchor the buttress is obtained by dividing the overturning 
moment (due to the thrust of the earth above the plane A-D on ten 
lineal feet of wall) by the lever arm of the steel, which may be taken 
as .86 Or. 
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USEFUL INFORMATION. 

COEFFICIENTS OF FRICTION. 

The following: table gives average values of the coefficients of 
friction. The values are subject to wide variation in individual cases: 

Masonry on dry clay 50 



Masonry on wet clay 33 



Masonry on masonry 60 Timber on stone 



Brick work on brickwork. .5 to .7 
Timber on timber 2 to .5 



ANGLE OF REPOSE, 9, 

The natural slope of most materials used for rilling purposes is 
roughly 1% to 1, corresponding to an angle of 34 ° with the hori- 
zontal. With wet sand o> may become as small as 15 . 



WEIGHTS OF MATERIALS. 

Pounds per Cubic Foot. 
^nd, dry 00-110 lbs. 

S^d,Wet IIO-I20 1DS. 

^rth, loose 7 5- 9 o lbs. 

Earth, rammed IOO lbs 

5f a r el ■ i«M35H«. 

Kock concrete r _ 1k „ 

n 150 lbs. 

I rramte or lime stone masonry, well dressed 165 lbs. 
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See page 37 (Bulletin No. 1) for Index on General Principles of Design, 
Building Construction. 

See page 76 (Bulletin No. 2) for Index on Detailed Design of Typical Building 
and Complete Analysis of the Strength of Rectangular and T-shaped 
Beams. 

See page 107 (Bulletin No. 3) for Index on Methods of Design and Standard 
Loadings for Highway Bridges. 

See page 139 (Bulletin No. 4) for Index on Standard Designs for Bridges and 
Culverts for Highway Traffic, 
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